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Abstract 
 
	   Urbanization has taken a major toll on the water quality of Lake Tarpon. In response, 
there have been management strategies and legislation put in place to help improve water 
quality. Our objective was to identify what management strategies and other environmental 
factors were driving changes in Lake Tarpons water quality from 1970 - 2010. Trends in water 
quality were analyzed against precipitation, land use and water quality management strategies to 
achieve this. Results found that two water quality management strategies, the creation of the 
Lake Tarpon Outfall Canal and the closing of the Lake Tarpon Sink, improved water quality the 
most. Other management strategies that undoubtedly helped improve water quality but were not 
able to be quantified were regulations that have made growth more sustainable (FAC 62 – 25, 
FAC 10D-6) and management strategies such as converting septic to sewer and lake level 
fluctuation.   
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1. Introduction 
 
Non-point sources of pollutants such as fertilizer runoff and stormwater runoff 
substantially increase phosphorus and nitrogen concentrations in local lakes. Phosphorus, is 
mostly the result of runoff of fertilizers into a lake or from failing septic systems. The increasing 
use of fertilizers also contributes legacy phosphorus in the soils which can be released into lakes 
during soil erosion and runoff (USGS, 2013). Although lakes in Florida are naturally eutrophic 
due to natural phosphorus deposits (Bachmann et al., 2012; Bachmann et al., 2012), the effects of 
urban development have artificially increased their concentrations, thereby leading to the decline 
of their trophic state. This urban development often removes littoral zones around the lakes that 
function as filters for these solutes (Osborne, 2005).   
Florida is unique in that there are natural deposits of phosphorus in the soils and rocks; 
therefore, runoff and erosion will add more of this nutrient into water bodies. A new or large 
input of phosphorus into a lake can cause accelerated plant and algae growth because it is 
typically the limiting nutrient (Lau et al, 2002). As a direct result, increased productivity can 
cause algal blooms. These blooms for mats on the surface of the water and decrease the amount 
of dissolved oxygen in the water and block light from penetrating into the water column. 
Eventually the increased productivity has the potential to kill organism living in the lake, cause 
human health issues and the waterbody can become successively shallower and therefore 
transform the characteristics and hydrology; this is the process of eutrophication (USEPA, 2012).  
Nitrogen has similar sources to phosphorus, except that it is not as abundantly found in 
soils and rocks. It is not typically a limiting nutrient and has higher concentrations in the water 
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than phosphorus. It has many of the same environmental effects: exponential growth of algae, 
decreased dissolved oxygen, blocked sunlight, and eutrophication (USGS, 2013).  
Pinellas County is currently the most densely populated county in Florida; the population 
has nearly doubled over the past thirty years. Urbanization takes a toll on the surrounding natural 
environment (Leopold, L.B. 1968). This new growth requires new infrastructure such as roads, 
buildings and housing. A lack of sustainable development will impair the water quality of lakes 
by increasing the amount of impervious surfaces in their watersheds and reducing the size of 
their natural floodplain areas. The large amounts of impervious surfaces are causing increased 
stormwater runoff, which pollutes lakes and increases erosion in riparian areas (Moscrip and 
Montgomery, 1997; Atasoy et al., 2006; Bedient et al., 2008).  
Much of Pinellas County’s development occurred before the creation of development 
regulations. It was not until the early 1970s that the county began to take the initiative to 
comprehensively address the environmental issues that resulted from this development (Pinellas 
County Comprehensive Plan, 2008). The management strategies and policies put in place 
attempted to mitigate water pollution resulting from development, these are shown in Table 1. 
These policies encompass all regulatory levels, many with concurrency requirements between 
state and local governments. 
The largest lake in Pinellas County, Lake Tarpon, has been negatively affected by growth 
within its watershed. The beginning of the 1970’s, that lakes catchment experienced a surge of 
new growth and development in northern Pinellas County, especially along the western and 
northeastern watershed. The rapid and unregulated urban development has led to an increase in 
its trophic state, resulting in poor water quality and negatively impacted biological processes 
causing aesthetic and recreation issues.  
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Lake Tarpons water quality is important to Pinellas County in many ways. This lake is 
home to many living organisms that rely on good water quality to live. When the lake becomes 
over productive it can create algae blooms that form mats on the surface of the lake. This can 
cause oxygen depletion and reduce water clarity, which stops light from penetrating into the 
water column. Oxygen depletion kills organisms that depend on dissolved oxygen in the water 
column. Benthic communities also suffer from the blocked light penetration.  
The lake is also an economic service to the county by bringing in tourism and keeping 
property values high. The Large Mouth Bass (Micropterus salmoides) population in the lake is 
an important source of tourism to Lake Tarpon. Trophic issues to the lake can kill and deplete 
this population quickly, potentially destroying a source of revenue. Good water quality is very 
important to the property values of the houses around the lake. If trophic issues occur it could 
make those houses undesirable and advanced stages of eutrophication has to potential to harm 
the market values of the houses in the lakes immediate area.  
Lastly, bad water quality can cause public health issues. Some blue-green algae blooms, 
which have occurred in Lake Tarpon before, can produce noxious toxins that can become a 
health hazard to human health. These toxins can cause skin irritation, coughing, headache and 
many other respiratory issues.  
Lakes in Florida have been found to be naturally eutrophic, but in this case Lake Tarpon 
has not historically exhibit trophic related problems  (Huber et al., 1983, KEA, 1992).  Before 
major development within the watershed and with the closing of the Lake Tarpon Sink and the 
completion of the Lake Tarpon Outfall Canal, the lake ranked fifth in overall trophic quality 
during a comparison with 41 Florida lakes in 1973 (U.S. E.P.A, 1977). 
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With 1970 marking the beginning of the study period, Lake Tarpon experienced two 
major hydrologic alterations (Table 1), which bracket this start date: the closure of the Lake 
Tarpon Sink in 1969 and the creation of the Outfall Canal in 1971. Lake Tarpon Sink, located on 
the western side of the lake, was hydrologically connected to Spring Bayou, which functioned as 
both a source of nutrients and saline water. The underground channel allowed for the flow of 
freshwater and saltwater between the sink and the lake during different tidal period. The sink 
typically follows the same pattern water level as Spring Bayou in Tarpon Springs, which the 
water level being above the lakes during high tide and below during low tide (Hunn, 1974). 
Closing this sink ceased saline water inputs to the lake and also decreased nutrient input. The 
Outfall Canal was built in response to flooding issues during heavy rain events in low-lying areas 
around the lake.  
A major change in lake water quality management and improvement occurred soon after 
these hydrologic alterations. The Clean Water Act of 1972 regulated point source pollutants 
entering navigable waters. These point sources included drains and ditches that allow pollutants 
to drain directly into surface water (EPA, 2002). To continue discharging pollutants into surface 
water, a business or municipality must obtain a permit.  This legislation also required upgrades to 
wastewater treatment plants and banned the use of phosphate detergents (Litke, 1999).  
A decade later, Florida passed two environmentally conscious laws aimed at controlling 
future development and protecting state natural resources. The first was the Florida 
Administrative Code (FAC) 62-25 passed in 1982 that required the creation of stormwater 
treatment systems such as retention and detention ponds if development was not already within 
the limits of an existing one (FDEP, 1982).  The state also passed the Growth Management Act 
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in 1985 that required local governments to create plans for growth that would include a Future 
Land Use Map (FLUM) and land development regulations (Liou et al., 1994).  
In the early 1980s the Pinellas County Board of County Commissioners made a 
significant decision concerning future development and the protection of the counties natural 
resources. They decided to reduce residential densities on the Future Land Use Map (FLUP) for 
places that were not already developed in the county. Much of the development on the eastern 
side of the lake happened after the FLUP was adopted in 1989 resulting in lower densities. The 
FLUP shows the eastern area of the watershed as Residential Low, Residential Suburban, 
Residential Rural, Recreation/Open Space and Preservation (Pinellas Planning Council, 1989).  
Since the hydrologic alteration to the lake in the early 1970s, Lake Tarpon water quality 
was not actively managed until the occurrence of a major blue-green algae bloom that occurred 
during the summer of 1987. The bloom covered more then half of the lake, impacting 
recreational activities and greatly reducing its aesthetic appeal (SWFWMD, 2001). Due to public 
outcry and the obvious degradation of water quality, the Lake Tarpon Management Committee 
(LTMC) was formed, compromised of local, state and federal officials. Its main objective was to 
create a long-term management plan for the lake specifically regarding its water quality.  This 
committee would help develop goals and assist with future management programs and updates to 
those programs.  
The 1987 Surface Water Improvement and Management Program (SWIM) created by the 
Florida legislature was in response to the increased nonpoint pollution sources threatening 
Florida’s lakes (FDEP, 2013). This program called for cooperation between the state, the water 
management districts and local governments (LTMC) to help in understanding water quality 
issues for specific lakes and the necessary activities required to reduce their pollution.  
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Lake Tarpon’s first SWIM Plan was completed in 1989 and called for diagnostic studies 
of the lakes water quality and hydrologic conditions. The findings of this and subsequent studies 
made up the 1992 Final Comprehensive Report: Lake Tarpon Diagnostic/ Feasibility Study, 
which would work as the scientific basis for achieving the set management goals (SWFWMD, 
2001). Another revision of the SWIM Plan in 1994 highlighted problems with recreational users, 
an increase in noxious plants and possible contribution of groundwater increasing nitrate levels 
(SWFWMD, 2001).  
The next revision of the SWIM Plan would not be published until after the completion of 
the first Lake Tarpon Drainage Basin Management Plan (DBMP) in 1998.  This plan’s primary 
purpose was to guide the implementation of the Pinellas County Growth Management Plan by 
presenting the most cost effective management actions based on findings from the Lake Tarpon 
SWIM Plan and new public education programs (Pinellas County Comprehensive Plan, 2-6; 
Coastal Environmental and PBS&J, 1998). The 2001 edition of the SWIM Plan used the findings 
of the DBMP, independent studies and monitoring activities. The most recent DBMP was 
published in 2006. 
Table 1. Historical Management to Lake Tarpon from 1970 to 2010 
Year Management  
1969 Closure of the Lake Tarpon Sink 
1971 Outfall canal built 
1972 Clean Water Act Implementation 
1982 FAC 62-25 “stormwater law” 
1985 Blue-green algae bloom – start the Lake Tarpon Management Committee 
1987 SWIM Plan created by Florida Legislature 
1989 Lake Tarpon SWIM Plan 
1992 Final Comprehensive Report: Lake Tarpon Diagnostic/ Feasibility Study 
1989 Pinellas County Future Land Use Map adopted 
1994 Second revision to Lake Tarpon SWIM Plan 
1998 Lake Tarpon DBMP 
2001 Most recent revision of the Lake Tarpon SWIM Plan 
2006 Most recent revision of the Lake Tarpon DBMP 
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Even though Lake Tarpon has experienced exponential growth within its watershed, it 
still has lower levels of phosphorus and nitrogen concentrations compared to many Florida lakes. 
The installation of these management strategies for Lake Tarpon, and continued measurement of 
water quality since the 1970’s to present day, allows us to determine the effectiveness of this 
environmental management plan during a period of rapid urbanization within the lakes 
watershed. To test the effectiveness of the plan requires assessing the trends in water quality and 
land use for Lake Tarpon. The hypothesis of this study is that Lake Tarpon’s good water quality 
reflects successful lake management practices and regulations. To test this hypothesis required 
the following objectives: 
1. Measure the change in urbanization within the watershed for Lake Tarpon over the 
last 41 years from 1970 – 2010. 
2. Collect water quality and precipitation data for the lake over the same time period. 
3. Identify the individual water management strategies for the lake. 
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2. Study Area 
 
Lake Tarpon is the largest lake in Pinellas County (Fig. 1) with a surface area of 11.2km2 
and a watershed of 134 km2 (SWFWMD, 2001). This study will encompass its watershed within 
Pinellas County, which is ~91 km2 (Fig.2). The farthest eastern section of the Lake Tarpon 
Watershed in Pinellas County is made up of Brooker Creek Preserve. This preserve is a natural 
area made up of mostly pine flatwoods and forested wetlands. The area of the Lake Tarpon 
Watershed in Hillsborough County has to pass through this preserve before reaching the lake. 
The preserve acts as a natural buffer and therefore is not a significant contributor to changing the 
water quality of Lake Tarpon.  
Lake Tarpon resides in a county where the climate is humid and subtropical. Summers 
are warm and humid while winters tend to be dry and very rarely reach freezing temperatures. 
The lake’s average depth is 2.2 m, with a maximum depth of 4.3 m (SWFWMD, 2001). Lake 
Tarpon has a 5.6km outfall canal (Fig.3) that is equipped with a water control structure that 
regulates flow into Safety Harbor. The water control structure (S-551) is just north of the 
intersection of East Lake Road and Tampa Road. Stratification is minimal because of the lake’s 
shallow depth (Rodusky et al, 2009).  
The lake has ranged from mid-eutrophic to eutrophic over the study period. Major 
eutrophication occurred in 1987 when an algae bloom covered a majority of the lake. At this 
time most of the land use around Lake Tarpon was urban except for a portion of the eastern side 
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that was classified as recreational and wetland forest (SWFWMD, 2001). This cultural 
eutrophication led to a multi-agency committee response to find a solution to this problem 
(Deicthe and Hicks, 2006). The joint effort of Pinellas County, SWFWMD, Consultants and 
other agencies improved water quality but the lake continues to be mid-eutrophic (Pinellas 
County Water Atlas, 2013). The current issue contributing to this eutrophication is runoff 
containing fertilizer and chemicals carried by stormwater.  
 
Figure 1. Lake Tarpon, Pinellas County 
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Figure 2. Lake Tarpon Watershed, Pinellas County 
 
 
	  
Figure 3. Lake Tarpon Outfall Canal 
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3. Methods 
 
3.1 Water Quality 
 
 To determine Lake Tarpons’ water quality during the period of study, both water quality 
data and changing land use were determined. The water quality data are total phosphorus (TP) 
and total nitrogen (TN) from 1970 – 2010 for the wet season (May to September). This season 
was selected because this is when the most pollutants are flushed into the lakes from the 
surrounding landscape; monthly totals during the wet season were also collected from the 
Pinellas County Water Atlas. Monthly total phosphorus, total nitrogen and rainfall amount for 
the wet season were averaged per year creating 41 data points for the 41-year study period.  The 
sources of these data are shown in Table 1 and Table 2, they include sample sites from USGS 
National Water Information System (NWIS) and also sample sites from SWFWMD Water 
Management Information System (WMIS).  
 
Table 2. Data Sources for Water Quality 
Lake Source Site ID Time Frame 
Lake Tarpon 1. USGS NWIS 
 
 
2. USGS NWIS 
02307479 - LAKE 
TARPON NEAR 
TARPON 
SPRINGS FL 
02307498 - LAKE 
TARPON CANAL 
AT S-551, NEAR 
OLDSMAR FL 
(4/15/1964–
3/8/1998) 
 
 
(6/25/1992-
4/13/2011) 
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Table 3. Data Sources for Precipitation 
Lake Source Site ID Time Frame 
Lake Tarpon 1. SWFWMD 
WMIS 
2. SWFWMD 
WMIS 
3. SWFWMD 
WMIS 
4. USGS NWIS 
Lake Tarpon 
22464 
Elridge-Wilde 
22888 
S551 [rnf-53] 
02307498, 
parameter 45 
1972 – 1981 
 
1980 – 1991 
 
1992 – 2008 
 
2001 - 2010 
 
 
 
3.2 Land Use 
 
Changes in land use for this period were determined for every five years using ArcGIS 
maps and aerial imagery. The sources of these data are shown in Table 3; they include the 
University of Florida Map and Digital Imagery Library, FDOT, Pinellas County Lake Watch, 
and SWFWMD GIS data. 
Land use maps were produces for every five years for the Lake Tarpon watershed to 
determine what changes may have occurred for the last forty years. The lack of historic land use 
maps for the study areas required the use of available aerial imagery. These aerial images (1970, 
1975, 1980, 1984, 1990) were digitized and georeferenced in ArcGIS to allow for comparison 
with the land use maps. Land uses were hand digitized over aerial images and also building 
information from the Pinellas County Tax Appraiser website. A Lake Tarpon Watershed KML 
was also used to cut the different land use maps and aerial images to ensure correct area 
calculations. Each land use was merged and then used to calculate total percentage of land use. 
The land use categories are: residential, open space, commercial, industrial and transportation.  
Residential includes low density, medium density and high density. Open space includes 
environmental areas, reservoirs, swamps and forested areas.  
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Table 4. Data Sources for Land Use 
Lake Source Time Frame 
Lake Tarpon  1. UFDC 2. FDOT 3. Pinellas County 4. SWFWMD GIS data 
1970, 1984 
1975 
1980, 1990 
1995, 1999, 2005, 
2010 	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4. Results 
 
4.1 Water Quality 	  
Table 4 displays the phosphate and nitrogen concentrations and average amount of 
precipitation per wet season for Lake Tarpon. Total Phosphorus and Total Nitrogen are shown in 
ug/L and precipitation is shown in mm. During the study period, average wet season 
precipitation amounted to 863.77mm, median is 824.23mm, with a minimum amount of 478.03 
mm happening in 2005 and the maximum of 1475.74 mm happening in 1979 (Fig. 4). The 
average amount of TP per wet season during the study period was 65.68 ug/L, median is 53.25 
ug/L, with a minimum of 30.5 ug/L happening in 1978 and a maximum of 207.5 ug/L in 1970 
(Fig 4). The average amount of TN per wet season during the study period was 970.74 ug/L, 
median is 930 ug/L, with a minimum of 460 ug/L happening in 1985 and a maximum of 1850 
ug/L happening in 1970.  
 
Table 5. Lake Tarpon Nutrient Levels and Precipitation  
 TP TN Precipitation 
Mean 65.68 ug/L 970.74 ug/L 863.77 mm 
Range 30.5 ug/L – 207.5 
ug/L 
460 ug/L – 1850 
ug/L 
478.03mm – 
1475.74mm 
Median  53.25 ug/L 930 ug/L 824.23mm 
Standard Deviation 35.88 294.12 230.68 
 
To determine whether precipitation is the main control on the lake concentrations of TP 
and TN, both were plotted against annual wet season totals. Correlation between the variables 
was calculated using Microsoft Excel to determine if precipitation is a driving force for the 
changes in water quality.  
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 Figure	  4.	  Lake	  Tarpon	  TP	  levels	  (red)	  v.	  Precipitation	  (blue)	  
 
Figure 5. Scatter plot for TP v. Precipitation 
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Figure 4 shows no obvious relationship between TP and precipitation and this conclusion 
is confirmed by a correlation of r = 0.06 for the period from 1970 to 2010. Interestingly, 
precipitation displays a marked decline from 1978 to 2010 as is illustrated more clearly by the 3rd 
order polynomial trendline. In recognition that the high TP at the start of the record would 
provide an erroneous linear trend, we also fitted a 3rd order polynomial trendline to the TP data. 
Based on this polynomial trend, it appears that from 1984 to 2003, TP levels have been 
increasing in the lake, plateauing from 2003 to 2010. Although there is a similarity between 
these long-term trends in both TP and precipitation, the wide scatter of individual corresponding 
yearly data, as depicted in Figure 5, demonstrates that precipitation cannot explain all of the 
variability in TP levels.  
 
 
 
Figure 6. Lake Tarpon TN levels (red) v. Precipitation (blue) 	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Figure 7. Scatter plot for TN v. Precipitation  	  
Figure 6 shows the relationship between TN and precipitation for the forty year time 
period. Unlike TP, it appears that short-term increases in TN levels may be driven by increased 
precipitation. Despite this short-term difference in these two nutrients, both have the same 
polynomial trendline, although that of TN is more pronounced. Although there appears to be a 
relationship between the data, the correlation (r = 0.08) and scatter plot (Fig. 7) disproves this 
assumption. However, while the correlation between the parameters is low, there are still events 
that we can see in Figure 6 where increases in precipitation do increase the TN level in the lake.  
 
4.2 Land Use 
 
Figures 8 – 16 and Tables 5 – 15 show the overall change in land uses over the study 
period, highlighting the significant increase in residential land use from 5% in 1970 to 45% in 
2010. In addition there were increases in commercial (4%) and industrial (3%) land use while 
open space declined by 47%. Commercial land use increased predominately along U.S. 19 and at 
the intersection of Tampa Road and East Lake Road. The industrial area increased slowly as the 
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need for infrastructure increased. While open space decreased to allow for new development, it 
still covered 46% of the watershed in 2010. Residential development expanded throughout most 
of the watershed expect in the eastern most part adjoining Brooker Creek Preserve. The largest 
increase in residential land use occurred between 1984 and 1990.  
The following maps show that over time the western side of the lake experienced greater 
development compared to the eastern portion. This development on the western side has the most 
densely packed amount of impervious surfaces. The eastern side started developing slowly in the 
early 1970s mostly along East Lake Road, Most expansive building of small communities began 
in the late 1980’s off East Lake Road.  
 
Table 6. Change in land uses from 1970 to 2010 
Land Use Change 
Residential + 40% 
Open Space - 47% 
Commercial + 4% 
Industrial + 3% 
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Figure 8. Land Use for Lake Tarpon in 1970 
 
Table 7. Total Percentage Land Use for Lake Tarpon in 1970 
Land Use Percentage (%) 
Commercial 1% 
Industrial 1% 
Open Space 93% 
Residential 5% 	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Figure 9. Land Use for Lake Tarpon in 1975 
 
Table 8. Total Percentage Land Use for Lake Tarpon in 1975 
Land Use Percentage (%) 
Commercial 1% 
Industrial 1% 
Open Space 91% 
Residential 7% 
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Figure 10. Land Use for Lake Tarpon in 1980 
 
Table 9. Total Percentage Land Use for Lake Tarpon in 1980 
Land Use Percentage (%) 
Commercial 2% 
Industrial 2% 
Open Space 83% 
Residential 13% 
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Figure 11. Land use for Lake Tarpon in 1984 
 
Table 10. Total Percentage Land Use for Lake Tarpon in 1984 
Land Use Percentage (%) 
Commercial 3% 
Industrial 3% 
Open Space 75% 
Residential 20% 
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Figure 12. Land Use for Lake Tarpon in 1990 
 
Table 11. Total Percentage Land Use for Lake Tarpon in 1990 
Land Use Percentage (%) 
Commercial 3% 
Industrial 2% 
Open Space 57% 
Residential 38% 
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Figure 13. Land Use for Lake Tarpon in 1995 
 
Table 12. Total Percentage Land Use for Lake Tarpon in 1995 
Land Use Percentage (%) 
Commercial 5% 
Industrial 2% 
Open Space 49% 
Residential 44% 	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Figure 14. Land Use for Lake Tarpon in 1999 
 
Table 13. Total Percentage Land Use for Lake Tarpon in 1999 
Land Use Percentage (%) 
Commercial 5% 
Industrial 2% 
Open Space 49% 
Residential 44% 	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Figure 15. Land Use for Lake Tarpon in 2005 
 
Table 14. Total Percentage Land Use for Lake Tarpon in 2005 
Land Use Percentage (%) 
Commercial 5% 
Industrial 4% 
Open Space 47% 
Residential 44% 
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Figure 16. Land Use for Lake Tarpon in 2010 
 
Table 15. Total Percentage Land Use for Lake Tarpon in 2010 
Land Use Percentage (%) 
Commercial 5% 
Industrial 4% 
Open Space 46% 
Residential 45% 
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5. Discussion 
 
 The closure of the Lake Tarpon Sink and the completion of the Lake Tarpon Outfall 
Canal were two major hydrologically altering events for the lake. Although these two 
management strategies were not designed to improve lake water quality, they did in fact decrease 
levels of TP and TN as can be seen in the first two years of the study period. The sink was a 
nutrient and saline source from Spring Bayou just north of the lake; when it was isolated from 
the lake, it removed this source of saline, nutrient rich water. The canal, it was equipped with a 
water control structure that allowed for the immediate release of water when levels were too 
high. When water levels are high it allows for the release of high nutrient water into Safety 
Harbor.  
The sharp increase in TP and TN for 1975 can be explained by a clear increase in 
precipitation (1397.51 mm compared to the annual average wet season precipitation of 863.77 
mm) for that year. This increase in precipitation flushed more nutrients into the lake compared to 
periods of less rainfall. The same magnitude of precipitation increase occurred four years later in 
1979 (1475.74 mm) and the same sharp increase can be seen for TN but not TP.  
 The amount of wet season precipitation declined over the study period, potentially 
contributing to overall higher concentrations of the nutrients due to longer retention times, as 
seen in the trend after 1978 – 1980. However, apart from some brief intervals, precipitation 
amount did not correlate on an annual basis with the TP and TN levels. It would be expected that 
hurricanes could cause an increase in lake nutrient concentrations, but this was not the case. This 
hypothesis was based on a study done in Lake Okeechobee investigating the 2004 storm season 
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(Charley, Frances and Jeanne) where the resuspension of sediment released legacy P that 
increase TP concentrations in the water column (James, Pollman, 2011). The much smaller fetch 
area of Lake Tarpon most likely prevented this same mixing process from occurring. This lack of 
correlation with precipitation and lake nutrient levels suggested another contributing factor.  
 The lack of a clear correlation with precipitation and lake nutrient levels suggested 
another contributing factor. As noted above, there has been a concurrent increase in both 
nutrients over the last 30 years. During the same intervals, residential land use in the watershed 
has increased steadily from 5% in 1970 to 44% by 1995. Most of this development occurred on 
the western side of the watershed due to the ease of access by U.S. 19. Since then, residential 
area has only increased by 1%. The plateau effect is evident in the nutrient levels, which have 
appeared to have stabilized from 1995 to 2010. Increasing development generally results in more 
impervious surfaces, causing runoff into the lake. An increase in runoff leads to higher levels of 
nutrients (TP and TN) input into the lake (Kim, S., et al., 2014) 
 From 1990 to 1999, development has occurred mainly on the eastern side of the lake 
(Fig. 13 – 14). Many of the communities were built around natural features to preserve the 
environment, a very different approach to earlier development on the western part of the 
watershed. This change in development practice has helped to maintain some of the original 
natural habitats such as wetlands and Cypress swamps. Building around natural features creates a 
natural buffer to catch and absorb stormwater runoff before entering the lake. This development 
occurred after the Florida Administrative Code (FAC) 62 – 25 was passed in 1982 that required 
the creation of stormwater treatment systems, such as retention and detention ponds, but only if 
they were not within the limits of an existing development (FDEP, 1982). It also occurred after 
the decision of the Pinellas County Board of County Commissioners in the early 1980’s to 
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reduce dense residential development. As a result, even with this urban development, lake 
nutrient levels should have experienced little change after the implementation of these rules.  
 In 1987 a blue-green algae bloom, which would be expected to coincide with high lake 
nutrient levels, appeared to occur without and substantial increase in either TP or TN in the lake 
at that time. The observed change in both parameters for this year is below the variability of the 
last 30 years. It is possible that this algae bloom was the result of a combination of factors: 1) 
there was a lack of flushing of the lake as the Outfall Canal was in little use; and 2) high lake 
summer temperatures. However this blue-green algae bloom marked an important turning point 
for managing Lake Tarpon’s water quality, because it became apparent to the public that the 
water quality of the lake was at risk. As a result of this and other similar events in other lakes, the 
Florida Legislature created the 1987 SWIM Plan to attempt to deal with increasing nonpoint 
pollution sources that were threatening Florida’s lakes (FDEP, 2013). The 1994 edition of the 
SWIM Plan provided concerning information on the impact of recreational users, increased 
noxious plants and groundwater related increases in nitrate levels (SWFWMD, 2001). The 
program later incorporated the results of the Lake Tarpon DBMP with the purpose of guiding the 
implementation of the Pinellas County Growth Management Plan.  
Both the SWIM Plan and DBMP found that certain lake management strategies were 
more efficient than others. The SWIM plan compared septic tank conversion, alum injection, and 
wet detention ponds based on their total nutrient reductions (TN and TP). The conclusion was 
that septic tank conversion would be the most costly but also most effective management 
strategy for total nutrient reduction. To this date it has been an incremental process to convert 
septic tanks to central sewer since the program started in 2000. Both state and local laws 
encourage the conversion; FAC 10D-6 was created in 2000 and requires that within 180 days of 
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sewer service becoming available, both residence and or business must switch the newly 
available sewage lines (Pinellas County Comprehensive Plan, 2008). The ability of some 
localities to provide sewer service can be an incremental process due to funding and 
development. Many of these septic tanks are within the city of Tarpon Springs because of its 
predating the creation of this legislation. In 2000, Tarpon Springs required that all structures be 
connected to central sewer if or when it is available. In 2002, the city started to expand its sewer 
system in 3 phases. Phase 1 was completed in 2003 and it improved the city’s current system to 
be able to handle the new hookups and allowed for the hookup of 60 new households to central 
sewer; phases 2 and 3 will continue to expand the system, though these phases are still in the 
design and permitting phase (The City of Tarpon Springs Planning & Zoning Division, 2014).  
The 1076 septic tanks that were identified in the DBMP that were within the Lake Tarpon 
Basin have been slowly removed over the study period. However, by 2010 more than half of the 
original 1076 still remain. The high cost of this project prevents its rapid implementation. 
Unfortunately, this slow process has caused unidentified seepage into waterbodies for decades. 
While we have attributed the plateauing of nutrient levels (TN and TP) to the slowdown in urban 
development, the contribution of this conversion of homes to county sewer cannot be discounted. 
Only once all septic tanks have been removed can a more definite conclusion be reached about 
the impact of the discontinued use of this type of sewage treatment on the water quality of the 
lake.  
Another suggested management strategy to govern the water quality was to increase lake 
level fluctuation and flushing. Lake level fluctuation could be achieved through frequent changes 
in the height of the Outfall control structure gate (S-551). For the flushing process to be effective 
there must be a10-15% flushing rate per day to successfully reduce nutrient loads (NYSDEC, 
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1990). A reduction in both rainfall and the inflow from Brooker Creek have stymied this 
approach. However, SWFWMD has implemented some flushing when the lake is of sufficient 
depth as recommended by a consultants report in 1998 (SWFWMD, 2001). Due to the infrequent 
and short term use of the approach, it is difficult to judge its effectiveness. However, in 1990 and 
1998, accidental drawdowns of the lake were caused by a water control structure malfunction. 
These drawdowns reduced concentrations of the nutrients in both years by reducing retention 
time of nutrients in the lake, and the subsequent dilution of lake nutrients as the lake later started 
to receive fresh water inputs from precipitation.   
SWFWMD and the county have recommended the use of wet detention ponds with alum 
injection, but permitting, design, construction and compliance with landowners have slowed its 
adoption. One wet detention pond in the northwest of the watershed using alum injection started 
the process of permitting and construction in 2007 and was completed after the study period in 
2011 (WQA 6). Two other proposed areas (WQA 23 and WQA 67) had to be abandoned due to 
permitting issues and the lack of space to build (SWFWMD, April 2011). With the dense 
development of the western watershed, such stormwater management strategies cannot be 
adopted due to lack of space.  
Hydrilla (Hydrilla verticillata) and Water Hyacinth (Eichhornia crassipes) can potentially 
act as nutrient assimilators if they are properly managed. These two nuisance plants found in 
Lake Tarpon are very aggressive and can outcompete native plants for space. They have the 
ability to cover the surface of the lake, which blocks sunlight from reaching the benthic 
community. Because of this, in 1992, 1993, 2000 and 2005, these plants were chemically treated 
causing major die off and decomposition, leading to subsequent increases in nutrient 
concentrations in the water column (SWFWMD, 2001, St. Petersburg Times, 2000). Typically, a 
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year later, a sudden drop in the nutrients is observed due to less decomposition and nutrient 
assimilation by the growth of the native aquatic plants. In summary, while these plants can 
remove nutrients from the lake, they would later need to be removed completely from the lake to 
effectively reduce lake nutrient levels. However, the negative impacts of this approach on native 
flora far outweigh the potential benefits. 
Legislative regulations effectiveness for reducing anthropogenic nutrients in the lake can 
possibly be seen in the decrease in TP. For the first part of the study period, a dramatic decrease 
in TP may have been a direct result of the banning of the use of phosphate detergents by the 
CWA of 1972. However without extended nutrient records through the 1960’s, it is difficult to 
come to any definitive conclusion. Federal laws such as the CWA can make major improvements 
in water quality in the short and long term. It should be noted that most regulation typically takes 
years to improve water quality, due to the managers of the lake needing to update their own 
standards to be concurrent with federal and state regulations or to fund and build the 
infrastructure needed (Khare et al., 2012).  Though they may take a long time, they are crucial in 
long-term water quality management because of the standards they set.  
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6. Conclusions 
  
 Trends in water quality were analyzed based on precipitation, land use change and water 
quality management. All of these factors can have major effects on the water quality of a lake 
and were chosen because there was change in each over the study period. Pooling all these 
factors allowed insight into what is having a positive and negative effect on the water quality. It 
was found that historical management to the lake, the closing of the Lake Tarpon Sink and the 
creation of the Outfall Canal, were the most successfully identified ways of improving Lake 
Tarpon’s water quality. There was a major drop in the amount of both TP and TN upon 
completion of both projects due to the cutoff of the nutrient, saline water from the sink and the 
release of nutrients out of the lake and increased lake level fluctuation.  
 Development regulations such as FAC 62-25, FAC 10D-6 and the decision of the Pinellas 
County BCC to reduce residential densities in the FLUP undoubtedly helped in improving the 
water quality of the lake. Because of the variability of data, it is difficult to find exactly when 
they caused such improvements in water quality. For example, we know that development on the 
eastern side of the lake was less dense with more open space but it is difficult to quantify the 
exact amount of nutrients draining from this side in comparison to the western side. In the long 
term, these regulations have helped improve water quality by limiting the point and non point 
sources of pollution from entering the lake.  
 Land uses changed dramatically from 1970 to 2010, with a significant loss of open space 
and the dramatic increase in residential land use. The 39% increase in residential from 1970 to 
1995 was a contributing factor in the increase in nutrient concentration in the last thirty year of 
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the study period. It is also believed that the 1% increase after 1995 is related to the plateauing of 
the nutrients after 2003. Development within the Lake Tarpon watershed was not evenly 
distributed during the 40 years, with the western side developing quickly before the installation 
of environmental regulations, which made this portion a large contributor to the TP and TN 
levels in the lake. The eastern side experienced slower and less dense development and much of 
it subsequent to the creation of the regulations, which increased the amount of natural surfaces 
that act as buffers to the pollutants.   
 Management of the lake has been an ongoing issue due to lack of funding and space. The 
SWIM Plan and the DBMP suggest ways to improve water quality, but slow permitting, design, 
and construction have stymied their installation. These include switching from septic tanks to 
county sewer lines and the construction of wet detention ponds.  
 This study posed many limitations that could have been telling in effectiveness of 
management strategies. The algae bloom could have been more identifiable with data on 
chlorophyll concentrations in the lake.  Chlorophyll is another way of determining the water 
quality by providing the concentrations of algal biomass (phytoplankton) in the water column. 
The use of E. coli concentrations could have provided data on how much septic tanks were still 
leaking into Lake Tarpon. It would have been expected that as the septic tanks were properly 
abandoned and the structure hooked up to central sewer, the E. coli value would decrease.   
Future study could investigate more into the Chlorophyll and E.coli concentrations for 
the study period. It could also investigate the Pinellas County Fertilizer Ordinance, which was 
enacted at the end of the study period in 2010. This ordinance bans the use of phosphate and 
nitrogen fertilizers during the wet season. Future work could be used to compare TP and TN 
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trends before and after the ordinance to determining its effectiveness for improving the water 
quality of the lake.  
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8.1. Total Phosphorus Monthly Data 
Year May June July Aug Sept Average 
1970 280 270 140 
 
140 207.5 
1971 22.5 150 
 
100 190 115.6 
1972 
 
89.5 74.5 
 
66.5 76.8 
1973 
 
46 23 
 
34.5 34.5 
1974 
     
83.1 
1975 86.5 
 
284.5 
  
185.5 
1976 
 
55.5 50.5 
  
53 
1977 
 
30.6 
 
45.5 
 
38.1 
1978 
 
30.5 
 
30.5 
 
30.5 
1979 
 
40.5 45.5 
  
43 
1980 
 
50.5 
   
50.5 
1981 
 
30.5 
 
90.5 
 
60.5 
1982 
 
25.5 
 
40.5 
 
33 
1983 
 
30.5 60.5 
  
45.5 
1984 
 
40.5 
 
71 
 
55.75 
1985 
 
30.5 
 
76 
 
53.25 
1986 
 
50.5 
 
65.5 
 
58 
1987 
 
35.5 66 99 
 
66.83 
1988 
 
55.5 
 
40.5 
 
48 
1989 
 
40.5 
 
55.5 
 
48 
1990 30.5 25.5 
 
55.5 
 
37.2 
1991 40.5 25.5 
   
33 
1992 
 
43 71 
 
40.5 51.5 
1993 
   
81 
 
81 
1994 40.5 
  
40.5 45.5 42.2 
1995 
   
50.5 50.5 50.5 
1996 30.5 45.5 45.5 40.5 55.5 43.5 
1997 
  
76 
 
61 68.5 
1998 
 
30.5 
 
55.5 71 52.3 
1999 
   
50.5 55.5 53 
2000 
   
86 40.5 63.25 
2001 
  
142 
 
96.5 119.25 
2002 
    
45.5 45.5 
2003 
    
91.5 91.5 
2004 
 
35.5 105 
 
80 73.5 
2005 
  
90 
 
40 65 
2006 
 
40.5 
 
110 
 
75.25 
2007 
 
80 50 
  
65 
2008 70 
    
70 
2009 40 
    
40 
2010 85 
    
85 
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8.2. Total Nitrogen Monthly Data 
Year May June July Aug Sept Average 
1970 1850 
    
1850 
1971 120 
    
1125 
1972 
 
540 1110 
 
1800 1150 
1973 
 
600 690 
 
550 613.3 
1974 
     
1232 
1975 1000 
 
1800 
  
1400 
1976 
 
660 680 
  
670 
1977 
 
630 
 
580 
 
605 
1978 
 
850 
 
840 
 
845 
1979 
 
1700 1600 
  
1650 
1980 
 
990 
   
990 
1981 
 
570 
 
450 
 
510 
1982 
 
580 
 
700 
 
640 
1983 
  
670 
  
670 
1984 
 
570 
 
580 
 
575 
1985 
 
440 
 
480 
 
460 
1986 
 
810 
 
880 
 
845 
1987 
 
910 1100 
  
1005 
1988 
 
720 
 
890 
 
805 
1989 
 
770 
 
1000 
 
885 
1990 740 890 
 
760 
 
796.7 
1991 510 650 1000 
  
720 
1992 
 
750 1000 
 
620 790 
1993 
   
1100 
 
1100 
1994 
   
1000 
 
1000 
1995 
   
980 770 875 
1996 1400 1400 1000 1200 
 
1250 
1997 
  
1200 
 
1600 1400 
1998 
 
740 
 
920 960 873.3 
1999 
   
960 
 
960 
2000 
   
1400 
 
1400 
2001 
  
950 
 
820 885 
2002 
   
1100 
 
1100 
2003 
   
1000 
 
1000 
2004 
 
820 
  
1030 925 
2005 
    
960 960 
2006 
   
1260 
 
1260 
2007 
 
940 880 
  
910 
2008 1000 
    
1000 
2009 930 
    
930 
2010 1140 
    
1140 
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8.3. Precipitation Monthly Data  
Year May June July Aug Sept Total 
1970 4.01 5.6 2.23 5.04 3.28 20.16 
1971 2.42 1.83 6.96 15.83 15.54 42.58 
1972 3.8 6.8 10.5 14 0.22 35.32 
1973 0.9 3.2 11.4 11.75 10.2 37.45 
1974 1.6 11.25 5.6 14.3 6.24 38.99 
1975 3.1 13.65 15.8 7.5 14.97 55.02 
1976 16.35 5.7 8.75 11.55 1.85 44.2 
1977 1.25 2.52 10.95 19.95 4.2 38.87 
1978 4.85 2.5 15.45 8.4 3.6 34.8 
1979 16.65 1.7 5.1 19.7 14.95 58.1 
1980 3.8 2.75 3.6 8.9 11 30.05 
1981 1.8 9.9 4.84 10.2 5.23 31.97 
1982 5.9 8.85 8.45 9.84 8.7 41.74 
1983 1.83 3.23 5.8 5.99 9.12 25.97 
1984 3.34 4.52 13.18 4.4 5.4 30.84 
1985 0.6 7.54 6.58 19.34 6.03 40.09 
1986 4.77 9.81 6.91 11.67 3.3 36.46 
1987 4.36 5.39 12.82 6.72 7.19 36.48 
1988 2 2 5.2 18.42 18.92 46.54 
1989 1.44 11.49 5.02 6.86 6.52 31.33 
1990 4.37 3.41 12.14 8.46 4.07 32.45 
1991 7.88 7.66 13.58 13.17 2.67 44.96 
1992 0.07 7.15 5.89 7.05 3.72 23.88 
1993 1.5 4.76 2.78 7.55 6.21 22.8 
1994 1.04 3.69 10.02 4.98 4.41 24.14 
1995 0.56 8.04 6.73 7.39 4.71 27.43 
1996 0.84 4.65 4.6 4.89 5.96 20.94 
1997 1.46 5.53 3.31 0.4 9.75 43.81 
1998 1.27 1.04 7.08 2.25 11.72 23.36 
1999 0.67 6.55 6.36 9.07 7.12 29.77 
2000 1.23 4.77 9.6 8.61 8.91 33.12 
2001 1.33 8 11.08 4.88 6.77 32.06 
2002 0.83 7.6 9.9 13.55 4.82 36.7 
2003 1.05 14.43 11.97 13.65 6.43 47.53 
2004 1.37 7.13 5.03 9.85 5.44 28.82 
2005 2.37 10.61 6.09 5.29 1.2 25.56 
2006 1.45 5.17 12.8 7.21 10.84 37.47 
2007 0.4 7.66 4.3 9.38 4.56 26.3 
2008 0.15 8.63 8.94 6.26 1.57 25.55 
2009 3.66 0.62 4.87 5.86 3.81 18.82 
2010 2.85 7.81 7.41 9.29 4.5 31.86 
 
 
